Implant development optimization using a real CT bone data base for a novel distal fibular plate (Lateral VariAx Fibula Plate)  by Schulz, Arndt P. et al.
Abstracts / Injury Extra 41 (2010) 131–166 143
f
d
d
w
g
h
b
a
a
m
r
d
1
I
b
A
H
a
b
c
d
v
g
p
H
F
cFig. 2. Robotic hexapod external ﬁxator attached to the patient.
Conclusion: Robotic distraction osteogenesis was used success-
ully to correct the remaining varus deformity after incomplete
istraction osteogenesis. Reducing all of the remaining angular
eformity and correcting the shorteningwas not performed as pain
as felt by the patient. Although not clearly visibly in the radio-
raphs we consider early ossiﬁcation of the ﬁbula as the reason for
igh tension forces creating pain while lengthening.
All planned movements were carried out smoothly and steadily
y the robotic ﬁxator thus correcting the varus deformity only
tickling sensation was felt by the patient. The motor actuators
re easily added to the manual ﬁxator system therefore complex
anoeuvres involving the correction of several axes are easily car-
ied out by the robotic system.
oi:10.1016/j.injury.2010.07.441
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BG Trauma Hospital Hamburg, GermanyIntroduction: Currently in orthopaedic research, bone shape
ariability within a speciﬁc population has been seldom investi-
ated and used to optimize implant design, which is commonly
erformed by evaluating implant bone ﬁtting on a limited dataset.
owever, these results showed insufﬁcient anatomical ﬁtting and
ig. 1. (a and b) The implant design with the help of an anatomical database (a) shows a m
onventional implant (b).Fig. 2. Minimal ﬁtting error distribution for Caucasian set (mm).
biomechanical stability of the existing prebend periarticular plates
for the distal ﬁbula. This mismatch leads to well known clinical
complication resulting from inadequate ﬁxation of the distal frag-
ment of the ﬁbula. In this paper, we developed a methodology
for design of orthopaedic implants that ﬁt a maximum percentage
of the target population, both in terms of geometry and biome-
chanical stability. In co-operation with an implant manufacturer
and different academic institutions, a virtual bone database has
been developed that contains anatomical data of more than 1000
anatomical CT datasets with the implemented possibility to gen-
erate idealized implant ﬁts for different anatomical sites. This
program (Stryker Virtual Bone Database (VBD)) is able to gener-
ate statistical anatomical shapes for different populations like age
groups or ethnical groups. Based on this, an implant for the dis-
tal ﬁbula has been developed (VariAx Distal Lateral Fibula Locking
Plate) for distal ﬁbula fracture treatment. Aim of this study was to
develop and validate an implant that is optimized for the speciﬁc
anatomical area. It should beprecontoured and still ﬁt to themajor-
ity of patients sustaining a distal ﬁbular fracture. Another objective
was to create a distally tapered design as there is less soft tissue
cover in that anatomic area. This paper gives an overview of the
development process of the plate and in particular rationalizes the
neutral plate design.
Materials and methods: ProE CAD system was used in combi-
nation with Stryker Virtual Bone Database (VBD) to evaluate the
bone shape of the target population plate shape. Seven Caucasian
bones (data processed from CT scans) have been used in a ﬁrst val-
idation process in comparison with an implant already available
on the market (SPS Fibula Plate, Stryker). Additionally, the results
have been veriﬁed with a bone ﬁtting study which was conducted
in collaboration with the Maurice E. Müller Institute (MEM) in
Bern/Switzerland. In a second step, the ﬁnished implant designwas
validated against statistical bone shapes of populations of different
ethical origin.
Results: The comparison of the VariAx Distal Lateral Fibula Lock-
ing Plate’s shape with real bone data conﬁrmed that the neutral
form does cope with the anatomic situation laterally which means
that no systematic pre-bending of the plate is required. Compar-
ing with a conventional implant, the new implant could have been
implantedunbend in six of seven cases of virtualmatchingwith real
patient datasets (Fig. 1a) compared to none with the conventional
implant (Fig. 1b).
The validation of statistical datasets of different ethnical ori-
gin (Caucasian, Asian) showed no statistical difference of implant
mismatch (Figs. 2–7).
Conclusion: Based on these results, the new Plate can be consid-
ered an efﬁcient solution to treat distal ﬁbula fractures without
uch higher primary ﬁt on randomly assigned patient dataset when compared to a
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Fig. 3. Maximal ﬁtting error distribution for Caucasian set (mm).
Fig. 4. Mean ﬁtting error distribution for Caucasian set (mm).
Fig. 5. Minimal ﬁtting error distribution for Asian set (mm).
Fig. 6. Maximal ﬁtting error distribution for Asian set (mm).
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mFig. 7. Mean ﬁtting error distribution for Asian set (mm).
r only limited time consuming pre-bending intra-operatively.
lthough technically now possible, different plate designs for Cau-
asians and Asians are not required in this speciﬁc anatomic
ocation. International early product surveillance (USA, UK, Ger-
any, Spain and Canada) is currently running.
oi:10.1016/j.injury.2010.07.442
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uccessful bilateral lower limb replantation surgery
yed Shah
AO Clinic, Karachi, Pakistan
This is a short history presentation of 31-year-old patientwhose
oth lower limbs got strangled in steel cutting machine while at
ork. The date of this incidentwas 22-02-1996. Hewas taken toAO
linic, Karachiwhere after primary resuscitation bilateral replanta-
ion surgery was carried out. The patient arrived 45minutes after
he incident, both his amputated feet were preserved in ice cold
ater during transport.
This bilateral replantation surgery lasted for 7h and 35min and
atient required12unitsofbloodand4unitsof fresh frozenplasma.
As you can see from picture number 2 he had double vascu-
ar injury that is around his popliteal region besides his ankle joint.
othhis amputated limbswere temporarily resuscitatedusinghep-
rinised tubes for a period of 10min after which his right foot was
eplanted followed by his left foot. The patient remained admitted
or two months during which multiple dressings and skin grafting
ere carried out. Distraction osteogenesis using Ilizarov method
as carried out on his left tibia to gain 5 cm in length.
Due to this major physical and psychological trauma it took this
atient 6 months before he started to weight bear using a Zim-
er frame. He was seen by physiotherapist on regular basis where
uscles strengthening exercises were advised.1 (2010) 131–166
It has now been 12 years and 10 months since above surgery
was carried out and the patient is leading a normal life style. He is
now a school teacher and walks unaided.
